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Abstract 

This engineering report describes the measurement techniques and results of an 
equilibrium beach profile survey and sediment analysis conducted by Texas A&M 
University, Ocean Engineering Program, at Mustang Island, Texas on September 27, 
1997. The main objective of the project was to obtain an accurate equilibrium beach 
profile at a location on Mustang Island, and to compare the actual profile to a predicted 
profile. The predicted profile is based on the median grain size diameter of sediment 
samples taken from the dune crest to approximately 4000 ft offshore. 

The survey was accomplished using an electronic total station with a standard 
surveying rod on land, and the underwater profile was measured with a “sled” towed 
~ behind a boat. A triple prism was attached to both the top of the rod and sled. The sled 
is an aluminum and steel structure equipped with two 12 ft long skids and a 36.5 ft mast. 

The predicted profiles are based on two methods. One method uses Dean’s 
(1997) equation for equilibrium beach profiles, z= Ax *° , where z is the water depth, A 
is the profile scale factor related to the sediment fall velocity, and x is the distance 
offshore. The other method involves a more complex analysis described by Dean and 
Dalrymple (1996), which accounts for a variation in sediment size and profile scale 
factor, A, in the offshore direction. Both methods are described and compared in this 
report. This data will also be used by Dr. R. G. Dean of the University of Florida in a 


study he 1s conducting on equilibrium beach profile prediction. 
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Introduction 
Project Mission 

The main objective of this project was to obtain an accurate equilibrium beach 
profile at a location on Mustang Island, and to compare the actual profile to a predicted 
profile. The location of Mustang Island can be seen in Figure 1. The predicted profile is 
based on the median grain size diameter of sediment samples taken at the location from 
the dunes to approximately 4000 ft offshore. This project will use relationships 
described by Dean and Dalrymple (1996) in the analysis of the sediment grain sizes and 
predicted beach profiles. 

There are two relationships for predicting equilibrium beach profiles which will 
be compared in this report. One relationship involves predicting the beach profile based 
on one sediment grain size obtained from the mid-shore or foreshore region of the 
beach. The other relationship accounts for variations in sediment grain size in the 
offshore direction. The later relationship is more realistic because it accounts for the 
natural hydrodynamic sorting of sand sizes, where sand sizes become finer in the 
offshore direction (Dean & Dalrymple, 1996). 

This project involved two days of field work on Mustang Island, Texas. The data 
collection was two-fold. A survey crew collected all data pertaining to the beach 
profile. A dive crew collected sediment samples in the offshore direction up to a depth 
of about 35 ft. The data collection techniques and results from both crews are described 


in detail in this report. 
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Figure 1. Location of Mustang Island State 
Park in relation to Corpus Christi, Texas. 
This data will also be used by Dr. Robert G. Dean of the University of Florida in 
a “blindfolded” study he is conducting on equilibrium beach profile prediction. The 
results of the sediment analysis and location of samples will be sent to Dr. Dean. Dr. 
Dean will then calculate and plot a predicted equilibrium profile based on the sediment 
grain size from a FORTRAN program he is writing. A copy of this predicted profile will 


be returned, and the measured profile will then be sent to Dr. Dean. 





Equilibrium Beach Profiles 

A beach profile 1s the variation in the vertical change of the sea floor with the 
distance offshore, and it is measured perpendicular to shore. A beach profile is 
synonymous to a topographical map for the sea. The concept of an equilibrium beach 
profile came about in 1977 with the research of Dr. Robert Dean of the University of 
Florida. Dean examined over 500 beaches from the Atlantic and Gulf coasts and 
developed a relationship describing the water depth as being proportional to the distance 
offshore to the two-thirds power for a given sediment grain size. 

The predicted profiles are based on two methods. One method is simply using 
Dean’s (1977) equation for equilibrium beach profiles, z = Ax *” , where z is the water 
depth, A is the profile scale factor related to the sediment fall velocity, and x is the 
distance offshore. The other method involves a more complex analysis described by 
Dean and Dalrymple (1996), which accounts for a variation in sediment size and profile 
scale factor, A, in the offshore direction. This method is more realistic because it 
accounts for the natural sorting of sand sizes from coarser to finer diameters in the 
cross-shore direction. Both methods are described and compared in this report. 

The survey of the beach profile was divided up into two sections: land and sea. 
The land profile was measured using an electronic total station and a standard surveying 
rod with a triple prism attached. The underwater profile was measured with a “sled” 
towed behind a boat. A triple prism was also attached to the top of the sled. The sled 
was originally designed and built by Rudolph Pesek, an undergraduate student at Texas 
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A & M, as his senior design project. The sled is an aluminum and steel structure 
equipped with two 12 ft long skids and a 36.5 ft mast. 

Before this project, the sled had only been tested in a trial run at Lake Bryan near 
Bryan, Texas. The test consisted of setting up the sled and successfully towing it into 
the lake and back. There was no need:for survey equipment because the goal of the test 
was to observe the sled’s ability to be towed. It was found that the sled behaves well in 


tow, but it requires a boat with more that 150 hp to be towed successfully. 





Sediment Grain Size 

Sediment grain size varies across a beach in the cross-shore direction. Sediment 
median grain sizes become smaller with a decrease in wave intensity. This decrease in 
sediment grain size also correlates with a decrease in beach face slope (Bascom, 1951). 
It has also been shown that the decrease in beach face slope with smaller diameter grain 
sizes also continues in the offshore direction. 

Sediment samples were taken along the beach profile in the cross-shore direction 
from the dunes to about 4000 ft offshore. A sieve analysis was conducted on these 
samples and the grain size distribution was determined for each ere The samples 
taken in the cross-shore direction will show the variation in sediment size. The beach 
slope variation will also be compared to the distance offshore, and the beach slope will 


also be correlated to the median sediment diameter, do. 





Background Theory 
Surveying Techniques for Equilibrium Beach Profiles 
Beach profile measurement techniques usually involve an amphibious operation 
where the surveyor must survey on land and at sea. Typically, a land survey is 
completed using land surveying techniques. That data 1s combined with an offshore 
survey which measures the underwater beach profile. Figure 2 illustrates these 
amphibious surveying techniques. Although land surveying techniques are common, 


surveying an underwater beach profile is still a challenging and developing field. 
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Figure 2. Beach Profile Survey Technique (Dean & 
Dalrymple, 1996, from Nordstrom and Inman, 1975) 
Offshore profiles can be completed using a number of methods. The most 
common method 1s obtained by using a survey boat equipped with a positioning system 


such as LORAN-C or Global Positioning System (GPS), and a fathometer. The boats 





position is later correlated with the depth measurements to give the beach profile. A 
correction to this profile must be applied for all tidal bodies of water which accounts for 
the tidal water level. The effect of waves are generally accounted for by “smoothing 
out” the profile and using only the average depth values. The disadvantage to this 
method 1s that true irregularities of the beach profile may be lost using this method 
(Dean & Dalrymple, 1996). 

Another method for obtaining offshore beach profiles is the use of vehicles like 
the Coastal Research Amphibious Buggy (CRAB) of the U.S. Army Corps of Engineers 
Coastal Research Center shown in Figure 3. The CRAB ts a massive 35 ft high, 29.5 ft 
long tripod equipped with a Volkswagen industrial gasoline engine which drives an 
Eaton hydraulic pump. The hydraulic pump powers the three liquid filled tires which 
are over 5 ft in diameter. The CRAB is equipped with a prism cluster, and uses a land 
based Zeiss Elta-2 electronic total station to obtain profile data (Birkemeier & Mason, 
1984). 

The CRAB can operate in rough seas and it also eliminates the need for tide 
measurements. It is also equipped with various scientific instruments which measure 
wave height, current velocities, and it can take core samples. Despite the obvious 
advantages of the CRAB, it also has a few astounding disadvantages. The most obvious 
is the CRAB’s lack of portability. The CRAB’s operational weight 1s 18,000 lbs and 
minimum transport weight is 15,000 Ibs. It is usually transported by a CH-5 Chinook 
helicopter, but it meets the helicopter’s maximum payload capacity of 15,000 lbs. The 
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other obvious drawback 1s the CRAB’s high initial cost (Birkemeier & Mason, 1984). 
The CRAB would definitely be a welcome addition to any coastal engineering 
program, however, very few research institutions or universities can afford the high 


initial cost or maintenance for such a vehicle. Therefore, there must be a cheaper 


alternative for obtaining equilibrium beach profiles offshore. 
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Figure 3. Coastal Research Amphibious Buggy (Birkemeier & Mason, 1984) 


One alternative to using a boat with a fathometer, or a CRAB like vehicle 1s the 
use of an amphibious sea sled which can be towed offshore by boat from the dry beach. 
This method of obtaining equilibrium beach profiles was used in this research project. 

A general definition of a sled is a structure which slides across the sea floor on skids and 


supports a surveying prism or other positioning device such as a GPS antenna. The sled 





used in this project is an aluminum and steel structure equipped with a 36.5 ft mast, two 
12 ft long skids, and supports a triple prism atop the mast. Figure 4 shows the basic 
dimensions of the Texas A & M University sled, and Figure 5 shows the height of the 
structure. Advantages of the sled are low initial and maintenance costs, ease of 


portability and operation, and accuracy of results. The major disadvantage is the need 


for a boat to tow the sled offshore. 
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Figure 4. Diagram of basic sled Figure 5. Sled towering over survey site. 
dimensions. 





Equilibrium Beach Profile Prediction 

The development of an equilibrium beach profile theory has been a major 
advance in the field of beach nourishment design. It has given coastal engineers the 
ability to predict the equilibrium shape of beach nourishment projects. Equilibrium 
beach profile theory also assists in calculating the amount of sediment that will be 
needed to nourish these beaches. 

The concept of an equilibrium beach profile was first identified by Bruun in 
1954. In field studies of beach profiles off the coasts of California and Denmark, Bruun 
noticed that the beach profiles were well represented by a two-thirds power curve. Dean 
(1977) further examined this concept in a study of 502 beach profiles from the east coast 
of the United States and Gulf of Mexico. Dean found that each profile followed the 
generalized power law of z= Ax 7°, where z is the depth of the profile below the mean 
water level, A is a profile scale factor, and x 1s the distance offshore. Dean also found 
that this two-thirds power law relationship agreed remarkably well with a relationship 
derived from examining the destructive forces on a beach (Dean & Dalrymple, 1996). 

The equilibrium beach profile theory developed by Dean 1s based on the 
assumption that the dominant destructive force acting on a beach 1s turbulence caused 
by breaking waves. The development of the theory 1s based on the concept that a 
sediment of a given grain size is able to withstand a given level of wave energy 
dissipation per unit volume. The first step in deriving an equation for the equilibrium 
beach profile is to develop an equation for the conservation of energy 1n the surf zone. 
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This is done by setting the change in wave energy flux over a certain distance equal to 
the water depth multiplied times the uniform energy dissipation rate per unit volume for 


a given grain size (Dean & Dalrymple, 1996). This relationship is show in equation 1. 


adF 
“=zD 
= icant) 


The wave energy flux 1s given by the following equation: 


(Eq. 2) 
P=" pg gz 
where p 1s the density of sea water, g is the acceleration due to gravity, k is a constant 
for the wave breaking index, and z is water depth (Dean & Dalrymple, 1996). 
The next step is to take the derivative of the wave energy flux and simplify the 
energy dissipation rate per unit volume from equation | to get equation 3 (Dean & 


Dalrymple, 1996). 


(Eq. 3) 
DS 3/22, 12. dZ 
i hea 

16° dx 


Finally, the equation representing the equilibrium beach profile is calculated by 
integrating the water depth, z, with respect to the distance offshore, x. Equation 4 is the 
result of this derivation for an equilibrium beach profile equation (Dean & Dalrymple, 


1996). 


z(x) =( eee x AN (Eq. 4) 
sone 


et 





where A is defined as the profile scale factor which is a function of the energy 
dissipation and the grain size of the beach. As mentioned before, this equation for 
representing an equilibrium beach profile derived from the dominant destructive forces 
acting on a beach agrees remarkably well with the empirical relationship described by 
both Bruun(1954) and Dean (1977). 

There are many methods for predicting equilibrium beach profiles. Two of these 
methods are discussed and applied in this report. The first relationship involves 
predicting the beach profile based on one sediment grain size obtained from the mid- 
shore region of the beach. The second relationship accounts for variations in sediment 
grain size in the offshore direction. The first method will be referred to as method 1, 
and the second method as method 2. The later relationship is more realistic because it 
accounts for the natural hydrodynamic sorting of sand sizes, where sand sizes become 
finer in the offshore direction (Dean & Dalrymple, 1996). 

The first method in determining the equilibrium beach profile is the simpler of 
the two. According to Dalrymple and Dean (1996), for an equilibrium beach profile, the 
depth is proportional to the profile scale factor, “A’’, multiplied by the distance offshore 
to the two-thirds power. Dean (1977) described the relationship for the equilibrium 
beach profile using the following equation which was derived earlier as equation 4 


(Dalrymple & Dean 1996): 


2=Ax 2/3 (Eq. 5) 
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where z is the water depth (m), A is the profile scale factor (m'’) related to the sediment 
fall velocity, and x is the distance offshore (m). 

The profile scale factor ,“A’’, was related to the sand diameter, d, by Moore 
(1982). Dean (1987) further related the profile scale factor, “A”, directly to the fall 


velocity (m/s), w, in the equation (Dalrymple & Dean, 1996): 


A =0.067w °4 (Eq. 6) 


The fall velocity (cm/s), w, was related to the median sediment diameter (mm), d.o, by 


Hallermeier (1981) with the equation (Edge, 1997): 


w=14d.. (Eq.7) 


The relationships between the sediment fall velocity, w, sediment size, d, and profile 
scale factor, A, can be seen in Figure 6. 

As mentioned before, method 1 for predicting equilibrium beach profiles does 
not take into account the cross-shore variation in sediment grain size. However, the 
sediment grain size does vary in the cross-shore direction, and the slope of the beach 
also varies with the change in sediment diameter. For this reason, Dean and Dalrymple 
(1996) describe an alternate method for predicting equilibrium beach profiles which 
takes into account the variation in sediment grain size diameter. This method is referred 
to as method 2. 
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Figure 6. Profile Scale Factor, A versus Sediment Diameter, d, and 
Fall Velocity, w (Dean, 1987; adapted in part from Moore, 1982) 
Method 2 assumes that the profile scale factor, A, varies linearly between two 
adjacent locations. Dean and Charles (1994) developed a relationship for this variation 
in profile scale factor between two known samples. This relationship is described in the 


equation (Dean & Dalrymple, 1996): 


Fq. 8 
ae (Eq. 8) 
A(x)=A,,+-_(*-x,,) 


n+l n 


for X,<X <X ,+;. 50, between any two sample locations where the profile scale factor, 
A, is known, an estimated profile scale factor can be calculated. 


Furthermore, if a profile scale factor is also known between two points, then the 


beach profile between those two points is expressed by the equation (Dean & 
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Dalrymple, 1996): 


le cis 2) 
3/2 


2(x)=(227 +4 2"(e-x,))” 


forx,<x<xX,,. 

With these relationships, the equilibrium beach profile can be calculated across a 
beach where the sediment grain size varies in the cross-shore direction. 
Sediment Grain Size Analysis 

In order to determine the profile scale factor, A, the median sediment grain size, 
dso, 1s needed. One method of determining the median grain size along with many other 
sediment size distribution parameters is to sort the sediment into its various size 
components based on the sediment diameter by the use of sieves. The methods for 
sieving sediment samples will be discussed in detail later in this report. This section, 
however, will describe other sediment distribution parameters not already mentioned 
above which are commonly used to describe sediment samples. 

Other sediment size distribution parameters such as the standard deviation and 
skewness of the sediment sample are useful in describing certain characteristics about a 
sediment sample. These calculations are based in the phi unit scale proposed by 
Krumbein (1936). The phi unit is defined in equation 10 below (Shore Protection 
Manual, 1984): 

(Eq. 10) 


i) = -log,(d) 
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where @ is the sediment size in phi units, and d is the sediment grain diameter in 
millimeters. 

The standard deviation of the sample is used to determine how well a sample is 
sorted around the mean grain size. Inman (1952) defined the standard deviation to be 


(Shore Protection Manual, 1984): 


—— (Eq. 11) 


where a is the standard deviation of the sample, ¢,, 1s the grain size that is coarser than 
84 percent of the sample by weight, and ¢,, is the grain size that is coarser than 16 
percent of the sample by weight. The values of ¢,,, O,,, and 59, are typically obtained 
from a cumulative percent coarser plot as seen in the example size distribution of Figure 
ve 

A standard deviation equal to zero represents a perfectly sorted sample, and for a 
well-sorted sample the standard deviation is around 0.5. A well-sorted sample is 
poorly-graded meaning that its particles are close to a typical size. Conversely, a 
well-graded sample is poorly-sorted. 

The skewness of the sample indicates how well the sediment sizes are distributed 
about the mean size of the sample. The skewness was defined by Inman (1952) to be 


(Shore Protection Manual 1984): 


= Eq. 12 
Me Mag (Eq. 12) 
O% 
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where a is the skewness of the sample, M,g Is the mean phi size as calculated below with 


equation 9, Mag is the median phi size obtained from the value of ds. on the percent 


coarser plot, and a , is the standard deviation in phi units. 
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Figure 7. Example size distribution 
(Shore protection Manual, 1984) 


The mean phi size, Mg, was defined by Otto (1939) and Inman (1952) to be 
(Dalrymple & Dean 1996): 


M,= 281916 (Eq. 13) 
2 
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A sample that has a perfectly symmetric distribution about the mean has a 
skewness of zero. A negative skewness indicates that the sample is skewed towards the 
smaller phi sizes, or larger grain sizes. According to Dalrymple and Dean (1996), 
Duane (1964) showed that a negative skewness indicates an erosive environment where 
the finer materials have been removed from waves or currents. On the contrary, a 


positive skewness indicates a depositional environment. 
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Methodology 
Equilibrium Beach Profiles 

The equilibrium beach profiles measured in this project were completed by 
matching the results of a land survey with an offshore survey. Two separate profiles 
were measured, and they were labeled profiles A & B. Profile A was located about three 
miles northwest of the “Fish Pass” jetties on Mustang Island. The jetties are located just 
north of Mustang Island State Park and south of the first beach access road after the 
park. Figure 8 shows the location of the “Fish Pass “ jetties and approximate location of 
profile A. For profile A, sediment samples were taken along the profile. Profile B was 
completed about 300 ft south of profile A, and its main purpose was to verify the results 
of profile A. 

The land survey was completed with the use of an electronic total station and a 
standard surveying rod with a triple prism cluster attached to the top. At the time of the 
survey, there was no known benchmark data or geographical datum to reference the 
beach surveys. Therefore, a 5 ft long, 1 inch diameter steel pipe was hammered into the 
dune as a permanent marker for the survey and assumed to be origin of the survey. 
Range poles were also set up to keep the rod man and sled aligned with the profile. The 
rod was then walked out from the dunes in the offshore direction until the rod man could 
not stand up in the water without swimming. Meanwhile, the electronic total station 
delivered horizontal distance measurements, and horizontal and vertical angles. Figure 
9 shows the survey crew operating the electronic total station. The readings were later 
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converted into X, Y, and Z coordinates of position. This method was used to compile a 


land survey for both profile A & B. 





Figure 8. Approximate location of 
beach survey on Mustang Island. 


The offshore survey involving the sled began in the surf zone where the sled was 
towed offshore by boat. The sled is a 400 Ib aluminum and steel structure equipped 
with a 36.5 ft mast, two 12 ft long skids, and supports a triple prism atop the mast. It 
requires a relatively powerful tow boat with a shallow draft which allows it to come 


close to shore in shallow water. The boat used to tow the sled in this project was 
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charted out of Port Aransas, Texas. The boat was a 25 ft twin hulled Seacat equipped 
with two 150 hp engines. Its draft was about 1.5 ft which allowed it to come relatively 
close to shore. The attachment of tow lines and movement of equipment and personnel 


from the beach to the tow boat was completed with the use of a Zodiac boat. 
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Figure 9. Survey crew operating electronic total station. 


Once the sled was ready, the first offshore profile, profile A, began. The tow 
boat pulled the sled offshore until it reached a depth of about 35 ft. Figure 10 shows the 
sled beginning a survey in the surf zone. Along the way, the boat stopped at designated 
locations so a diver could collect sediment samples. The locations of the sediment 
samples were set to be at about every one meter of depth change. To aid in identifying 
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every one meter depth change, orange marks were painted on the sled mast at one meter 
intervals. Once the sled reached a depth of 35 ft, the boat towed the sled to the next 
profile location approximately 300 ft south. The sled was then towed from offshore 
toward the beach for profile B. 

The assembly of the sled involves at least four people and takes about five hours. 
The details of the assembly are not discussed in detail in this report. However, 
Appendix C contains all the pertinent diagrams and assembly instructions to the sled. 


Appendix A also contains a check list of materials and list of contacts. 
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Figure 10. Sled entering surf zone. 


Sediment Collection 


Sediment samples were taken along the beach profile at 13 different locations. 
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The method of obtaining the sediment samples involved a SCUBA diver equipped with 
a tin coffee can for gathering the sample. The diver “rode” the sled underwater from the 
beach to a distance of about 4000 ft offshore. At designated locations, the diver scooped 
up about | kilogram of sediment into the coffee can. These sample locations are 
illustrated in Figure 11. The diver then surfaced to give the sample to an awaiting 
Zodiac boat. In the boat, the sample was transferred to a plastic bag where it was 


labeled. 
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Figure 11. Sample Location. 
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The method of “riding” the sled was not the original plan for sediment 
collection. The original plan involved the Zodiac boat being the launch platform for the 
diver. The diver would ride in the Zodiac between dives, and then dive at each location 
from the surface. This method would have required the diver to make 10 surface dives 
and to pull his equipment out of the water and into the Zodiac the same number of times 
in about an hour and a half period. After two attempts at this method, it proved to be too 
strenuous for the diver. Therefore, the diver submerged after delivering each sample to 
the Zodiac and held onto the sled underwater while it was towed by the boat. This 
proved to be less strenuous on the diver, and also provided a bird’s eye view of the 
sled’s behavior underwater. The diver observed that the sled’s bow ts lifted while in 
tow and because of this the sled does not “dig” into the sea floor. Figure 12 shows the 


diver in action. 





Figure 12. Diver, Erick Knezek, preparing to collect sediment samples 
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Sieve Analysis 

The sediment analysis was completed using U.S. standard sieves. A sieve 
analysis involves sorting the sediment sample in sieves stacked in order from largest to 
smallest openings. First, each sample was placed in an oven and baked at 500° F for 30 
minutes to remove all moisture. Next, the sieves were stacked in order of decreasing 
opening size (largest opening on top). Sieve numbers 60, 80, 100, 120, 140, 170, 200, 
and a collection pan were used to sort the sediment. These sieve numbers correspond to 
the number of mesh openings per inch of area on the sieve. The corresponding phi units 
for these sieves were 2.00, 2.47, 2.74, 3.00, 3.24, 3.47, and 3.74. 

The Shore Protection Manual (1984) states that standard sieve openings vary by 
0.25 phi increments, but recommends that beach sand can be adequately analyzed using 
0.5 phi increments. The sieve openings in this analysis vary by about 0.25 phi 
increments which gives a more definitive sediment distribution. The relationship 
between the sieve mesh size, and corresponding sediment diameters in phi units and 
millimeters can be seen in Figure 13. 

Each sample was weighed using an electronic scale before and after each sorting. 
Once each sample was dried and weighed, a 400 gram sample was placed in the number 
60 sieve. The sieve stack was then placed on an electric shaker on high speed for ten 
minutes to sort each sample. After sorting, the sediment remaining in each sieve was 
weighed individually to determine the grams retained. From this data, the cumulative 
percent coarser for each sieve diameter was determined and plotted. From the plot, the 
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values of ¢,,, bg4, and $59, were obtained. 
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Figure 13. Grain-size scales for soil classification 
(Shore Protection Manual, 1984) 
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Discussion of Results 
Equilibrium Beach Profile 

The equilibrium beach profiles measured in this project seem to be very accurate 
representations of the sea floor variation on Mustang Island at the time of the survey. In 
Figure 14, the measured profiles A and B are compared. Although profile B was 
measured about 300 ft south of profile A, there is remarkable resemblance between the 
two profiles. There are no obvious differences between the two profiles, therefore it can 
be assumed that profile A is representative of the beach profile at the survey site. 

Profile A will be used throughout the remainder of this report for the analysis of 
sediments, beach slopes, and profile prediction methods. 

In order to obtain both beach profiles, the data given by the electronic total 
station had to be converted from horizontal distance measurements, and horizontal and 
vertical angles into X, Y, and Z coordinates of position. This was accomplished through 
the use of a spreadsheet program. A copy of the spreadsheet for profile A and B can be 
found in appendices B-1 and B-2, respectively. The conversion from distance and angle 
measurements to X, Y, Z coordinates was completed using basic trigonometric 
functions. The following relationships were used in those calculations: 


se (Eq. 14) 


coordinate 


=X; ial -H{cos( O, orizontal) | 


where X;,ia1 1S an initial X value such as distance from benchmark, H is the horizontal 


distance measurement given by the electronic total station, and @ ,o¢,ontai 1S the horizontal 
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angle given by the total station. 


We inate ~ eal = {| S i n ( Oreraa) (Eq a ) 


where Y,,.,:,, 1S an initial Y value, and H and @,.....4, are as defined above. 


L =£ 


coordinate initial 


+HI+H{sin(0,,_,..)|-RH (Eq.16) 


where Z,,;.1 1S an initial Z value, HI is the height of the electronic total station, RH is the 
height of the survey rod or sled, and @ jenica 1S the vertical angle measurement given by 


the total station. 
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Figure 14. Measured beach profile comparison. 
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The matching of the land survey and offshore survey was also successful. There 
are no discontinuities or discrepancies between the survey conducted with the rod and 
the survey conducted with the sled. Both methods also seem to be very proficient at 
measuring irregularities in the bottom contour. Three or four distinct bars are apparent 
on the plot of the beach profiles in Figure 14. 

There were a few sources of error in the measurement and analysis of the beach 
profiles. The location of the mean water line was not accurately measured tn the field. 
All predicted profiles begin at the location of the mean water line, so an estimated mean 
water line was established. This was done by estimating the width of the beach from 
photographs, and also from notes taken by the data recorder on the location of the 
maximum wave runup. 

Another source of error in the measurement of the actual beach profile was 
caused by the boat captains inability to keep the sled on the profile track. Figure 15 
shows the actual sled’s track along the profile lines. As seen in the figure, the sled was 
usually within 100 ft or 2.5 percent of the profile length off the profile line. The sled 
began profile B offshore at the maximum distance of 200 ft or 5 percent of the profile 
length off the profile line. Overall, the boat captain did maintain the sled position along 


the profile line reasonably well. 
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Figure 15. Actual sled track along profile line 


Sediment Grain Size Analysis 

The analysis of the sediment samples from profile A show the expected trend of 
the median grain sizes decreasing in the offshore direction. Once the sediments were 
sieved, the results were input into a spreadsheet program like the one seen in Table 1. 
With the values for number of grams retained in each sieve, the cumulative percent 
coarser plot for each sample was created. Figures 16-28 show the sediment distribution 
plots for each sample. From these plots, the values of ¢,,, ds, and @<,, were obtained, 
and the appropriate sediment characteristics were calculated. Appendix B-4 through B- 


6 contain the remainder of the calculations. 


30 





Table 1. Sample of sediment analysis technique. 
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Figure 18. Sediment Distribution: 


Sample Surf Zone 


Figure 19. Sediment Distribution: 
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Figure 21. Sediment Distribution: 


Sample A-3 


Figure 20. Sediment Distribution: 
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Figure 23. Sediment Distribution: 


Sample A-5 


Figure 22. Sediment Distribution: 
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Figure 25. Sediment Distribution: 


Sample A-7 


Figure 24. Sediment Distribution: 


Sample A-6 
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Figure 26. Sediment Distribution: 


Sample A-8 


Figure 27. Sediment Distribution: 
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Figure 28. Sediment Distribution: 


Sample A-10 
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Table 2 summarizes the results of the sediment grain size analysis. The sediment 
diameters follow an obvious trend of decreasing from the surf zone offshore. This 
relationship has also been plotted 1n a method described by Bascom (1951). In an 
attempt to standardize his measurements and aid in the comparison of data from 
different beaches around the world, Bascom defined a “reference point” on the 
foreshore region of the beach where all other points could be referenced. For example, 
to show the trend in sediment grain size variation, Bascom defined a relative diameter 
where all the sediment samples’ median grain sizes were divided by the median grain 
size of the reference point. Figure 30 shows this relationship for Bascom’s data along 
the Pacific coast. 

From Bascom’s plot, the sediment variation in the cross-shore direction 1s 
obvious. The grain sizes reach a maximum size in the surf zone where there is 
maximum turbulence. From that point offshore, the sediment median grain sizes 
become increasingly finer. The sediment data from profile A was plotted in a similar 
manner in Figure 29. As expected, the same trend prevailed with the maximum grain 
size appearing in the surf zone and grain sizes decreasing offshore. However, the grain 
sizes did reach a point at about 2000 ft offshore where the median grain oscillated 
between 0.12 mm and 0.135 mm. The profile scale factor, A, followed the same trend 


as the median grain size diameters, as expected. 
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Table 2. Summary of sediment characteristics and beach slope. 
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Figure 29. Distance offshore versus percent 


variation of d., from reference diameter 
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Figure 30. Distance offshore versus % Variation of 
d.,, from reference diameter from Bascom (1951) 

The standard deviations of the samples taken from profile A can be found in 
Table 2. The standard deviations of the sediments from profile A vary from about 0.22 
to 0.5. These values correspond to a sample which is between perfectly sorted and well 
sorted. This means that the samples are poorly-graded, or their particles are close to one 
SIZE. 

The skewness of the samples from profile A can also be found in Table 2. Most 
of the samples have a negative skewness which may indicate an erosive environment. 
These values are very close to zero at the beginning of the profile. The skewness then 
seems to increase to a maximum skewness of -0.248 at about 700 ft offshore, and then 
the skewness decreases again. This negative skewness indicates that the sample is 
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skewed towards larger grain sizes, and that the finer materials have been removed from 
waves or currents (Dalrymple and Dean, 1996). 
Beach Slope Variation 

According to the Shore Protection Manual (1984), the slope of the beach 
depends dominantly on sediment grain size. Of course, other variables play an 
important role in shaping the profile of a beach such as wave energy, tides, currents and 
winds. The slope of Profile A changes from its steepest point in the foreshore region, to 
its flattest point offshore as seen in Figure 31. This change in slope also corresponds 
with a change in median grain size diameter along the profile. Figure 32 shows the 


relationship between beach slope and median grain size for Profile A. 
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Figure 31. Variation in beach slope with distance offshore 
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Variation tn beach stope with d50 
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Figure 32. Variation of beach slope with median grain size 


In Figure 32, the beach slope increases with an increase in median grain size. 


Although no definite conclusions can be drawn from this plot, a relationship is apparent 
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Figure 33. Median grain size versus foreshore 
slope comparison with SPM data 
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between grain size and beach slope. This figure is synonymous with Figure 34 taken 
from the Shore Protection Manual (1984). Figure 34 shows the relationship between 
foreshore slope and median grain size for beaches across the country. 

In Figure 33, the foreshore slope of profile A was compared to the slope of the 
line in Figure 34 corresponding to the beach slopes and grain sizes of the West Coast. 
The West Coast data line was used in the comparison because it continued into the 
region of grain sizes that profile A contains. Although Figure 33 contains only one data 
point, and no conclusion can be drawn from this plot, it is interesting to point out that 
the slope of the foreshore in profile A and its corresponding grain size fall directly on 


the line of the West Coast data. 
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Figure 34. Median Grain size versus foreshore slope (SPM, 1984) 
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Equilibrium Beach Profile Prediction 

As discussed before, two different methods were used to predict the equilibrium 
beach profile of profile A. The first method involved predicting the beach profile based 
on one sediment grain size obtained from the mid-shore region of the beach. The 
predicted profile for method 1| is based on a constant profile scale factor, A, and 
equation 5 was used to calculate the profile from the mean water line. 

The second method accounts for variations in sediment grain size in the offshore 
direction. The predicted profile for method 2 is based on a profile scale factor that 
changes in the cross-shore direction with a change in sediment diameter. That change in 
profile scale factor was calculated using equation 8. The predicted profile was 
calculated using equation 9 from the mean water line. These calculation were 
completed using a spreadsheet which can be found in Appendix B-3. 

Figure 35 shows a comparison of both predicted profiles against the actual 
profile. The results show that method 2 1s a more accurate way to calculate the 
equilibrium beach profile. The predicted profile based on method 2 gradually changes 
to a flatter slope in response to the smaller median grain sizes. The predicted profile 
based on method | does not take into account this change in profile scale factor, 
therefore it overestimates the beach profile considerably as it moves offshore. 

In order to quantify the percent error resulting from each prediction method, the 
area of water above each profile was calculated. This was accomplished by fitting a 
cubic spline through the actual profile, and both predicted profiles. With the cubic 
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Figure 35. Predicted Profile Comparison 


spline, a new set of data points representing each profile was created with equal spacing 
between them in the cross-shore direction. Figure 36 shows the new cubic spline line 
for each profile. The spacing interval was 50 ft starting at the mean water level. With 
equal spacing between each point, the trapezoidal rule was applied between each point 
in order to calculate the area in each segment. Finally, the area in all of the segments 
was totaled. These calculations can be found in appendices B-7 to B-9. 

The percent error for each prediction method was calculated by dividing the 
difference in area between the actual profile and predicted profile by the area of the 
actual profile. The results of these calculation are shown in Table 3. As seen in the 
table, method 2 has considerably less error than method 1. The percent error for method 
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2 18 3.5%, while the error for method | is 10.5%. The error of method | is 3 times that 
of the error from method 2. The difference in error is equivalent to nearly 4600 cubic 
feet of sand per linear foot of beach. Therefore, method 2 should be the preferred 
method of calculating equilibrium beach profiles when the sediment data is available or 


when a more accurate profile prediction is required. 


Table 3. Estimate of percent error for each profile prediction method. 
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Figure 36. Cubic spline used to calculate 
percent error of profile predictions 
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Another analysis of the difference between the predicted and actual profiles was 
also conducted. The root mean squared distance between the actual and predicted 
profile was calculated using the following equation: 


Nines 


dims =((2) dicted ~2(x Jeera) (Eq. l a) 


The results from this calculation showed that method 2 was still more accurate than 
method | for predicting the actual beach profile. The average root mean squared 
distance between the predicted and actual profiles were 2.06 and 1.10 ft for methods | 


and 2, respectively. The calculations can be found in Appendix B-10. 
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Conclusions and Recommendations 

The main objective of this project to measure an accurate equilibrium beach 
profile, and compare the actual profile to a predicted profile was successfully 
accomplished. The actual beach profile was measured using a combination of land and 
offshore surveying techniques. The predicted profiles were based on two methods. One 
method was to simply use Dean’s (1997) equation for equilibrium beach profiles, 
z=Ax 7°. The other method involved a more complex analysis described by Dean and 
Dalrymple (1996), which accounts for a variation in sediment size and profile scale 
factor, A, in the offshore direction 

The land survey was accomplished using an electronic total station with a 
standard surveying rod, and the offshore survey was completed using the Texas A & M 
University sea sled. The sea sled is an accurate instrument for obtaining equilibrium 
beach profiles from the surf zone to a depth of about 35 ft. It is durable, lightweight, 
easy to transport, and relatively inexpensive. 

The sediment analysis for profile A showed a decrease in median grain size from 
the surf zone towards offshore. That decrease in median grain size corresponded to a 
decrease in beach slope. These results were compared to similar results from Bascom 
(1951). Equilibrium beach profile slope is dependent on the median grain size along the 
profile. 

Method 2 described in this report is a much more accurate method for predicting 
equilibrium beach profiles than method 1. The error for method 2 was 3.5 % compared 
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to 10.5% for method 1. The average root mean squared distance between the actual and 
predicted profile for method 2 was also half that of method 1. Method 2 is a more 
realistic representation of predicting the equilibrium beach profile. If the sediment data 
is available, or a more accurate profile prediction is required, method 2 should be the 


method of choice. 
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APPENDIX 


A 





Erick Knezek 

M.E. Project 

24 SEP 97 

> Talk to Dr. Robert Bruner from C.E. Dept. about borrowing survey equipment 

> Chart boat: Contact James Rouso with CBI at (512) 994-5758 or (512) 815- 
3196. Or call Capt. John Barrera at (512) 992-8855 

> Rent Trailer from Leon Sevcik’s Texaco, 2200 Longmire Dr. C.S., Tx 77845 
(409)-696-0065 


Equipment List: 

> EDM (Total Station) 

> Extra Batteries 

> Charger 

> Survey Rod 

> 4 Range Poles 

> 2 Prism reflectors (triple and regular) 
> Flags 

> Tacks 

> notebook 

> Camera & Film 

> Digital camera 

> Diskettes 

> Underwater Camera, disposable 
> Video Camera & Tapes 
> Hand held Radios 

a Dive Gear 

> Duct tape 

> 100 ft measuring tape 

> wooden and metal stakes 
> Sledge hammer 

> Sled and box with tools 


> Extra Wood 
> Table with chair from hydrolab 


> Waterproof markers 
> Zip-loc storage bags 
> Water 

> Ice Chests 

> Tarp and tie rope 

, Batteries 

> Plastic Straps 

> Milk Crates 

> Nails 
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Predicted Profile Calculations 
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Profile A 


Sample Dune retained 
sieve # d(mm)_ Phi (gms) 
60 0.250 2.00 ° 3.09 
80 0.180 2.47 ~~ 103,08 
100 0.150 2.74° 94.3 
120 0.125 3.00 «. 101.75 
140 0.106 3.24 34.49 
170 0.090 3.47 22°7,.23 
200 0.075 3.74 1.06 
Total 345.0 
Phi 16 = 5.» 2.24 
PhiSO= =~ 2.65 
Phi 84 = © 2.97 
d50(mm} 0.159 
M phi = 2.62 
dM(mm) 0.163 (Folk-Ward) 
Sample Midshore retained 
sieve # d(mm) Phi (gms) 
60 0.250 2.00 ae ct 
80 0.180 2.47, +483, 5 
100 0.150 274° 809 
120 0.125 3.00 125.4 
140 0.106 3.24 478 
170 #8 0.090 3.47 B25 97 
200 0.075 3.74 . At 
2 400.5 
Phi 16 = 23°. 2.23 
Phi50= = 2.68 
Phi84=— 299 
d50(mm} 0.157 
M phi = 2.63 
dM(mm): 0.162 (Folk-Ward) 
Sample surf retained 
sieve # d(mm) Phi (gms) 
60 0.250 2.00. 52.68 
80 0.180 2.47 =.465.43 
100 0.150 2.74. 27.49 
120 0.125 3.00  .91.65 
140 0.106 3.24 . 53.76 
170 0.090 3.47. 18.01 
200 380.075 3.74°°. - 2.31 
401.3 
Phi 16 = (2.04 
PhisO= 2,45 
Phi 84 = | 3.04 
d50(mm} 0.183 
M phi = 251 
dM(mm) 0.176 (Folk-Ward) 
Sample 1 retained 
sieve # d(mm)_ Phi (gms) 
60 0.250 2.00 Bia 3:21 
80 0.180 2.47 «- 134.24 
100 0.150 2.74 .. 99.77 
120 0.125 3.00. 120.01 
140 0.106 3.24 . .31.61 
170 0.090 3.47 3.89 
200 380.075 3.74 0.71 
| 403.4 
Phi 16 = <= 2:18 
PhiSO= 2.62 
Phi 84 = 2.94 
d50(mm; 0.163 
M phi = 2.58 
dM (mm) 0.167 (Folk-Ward) 
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A (ft41/3) = 


% retained 
partial 


33.3 


Std dev = 
Skew = 

Vf (cm/s)= 
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A (ft"1/3) = 
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total 


total 


% 
finer 





Sample 2 retained % retained % % 


sieve # d(mm) = Phi (gms) __ partial total finer coarser 
60 0.250 2.00 1561 3.9 3.9 96.1 3.9 
80 ~=0.180 2.47 91.06 22.6 26.4 73.6 26.4 
100 0.150 2.74. 90.72 225 48.9 Si 48.9 
120 0.125 3.00 . 135.9 aot 82.6 17.4 82.6 
140 0.106 3.24 55.09 137 96.3 ar 96.3 
170 0.090 3.47 12,38 34 99.4 0.6 99.4 
200 0.075 3.74 Se 2.OF 0.6 100.0 0.0 100.0 
Phi16= °° ~ 2.25 Std dev = 0.39 
PhiSO=  - 2.75 Skew = 0.19 
Phi84= 3.03 Vf (cm/s)= 1.72 
d50(mm) 0.149 A (m‘1/3)= 0.09 
M phi = 2.68 Vf (ft/s) = 0.056 
dM (mm): 0.157 (Folk-Ward) A (ft41/3)= 0.126 
Sample 3 retained % retained % % 
sieve # d(mm) Phi (gms) __ partial total finer coarser 
0.250 2.00... 18,74 46 46 95.4 4.6 
80 0.180 2.47 66.51 16.5 21.1 78.9 21.1 
100 0.150 2.74% 35.1 8.7 29.8 70.2 29.8 
120 550.125 3.00 143.62 33.9 65.3 34.7 65.3 
140 0.106 324m 93.31 23.1 88.4 11.6 88.4 
170 0.090 3.47 - 38.29 9.5 97.9 21 97.9 
200 0.075 3.74 8.65 21 100.0 0.0 100.0 
404.2 
Phi 16 = 22 233 Std dev = 0.43 
PhiSO= > 289 Skew = 0.19 
Phi84=)- 3.19 Vf (cm/s)= ao 
dS50 (mm) 0.135 A (m‘1/3)= 0.08 
M phi = 2.80 Vf (ft/s) = 0.051 
dM(mm)} 0.143 (Folk-Ward) A (ft41/3)= 0.121 
Sample 4 retained % retained % % 
sieve # d(mm)_ Phi (gms) partial total finer coarser 
60 0.250 2.00. 19.36 4.8 4.8 95.2 4.8 
80 0.180 2.47 82.81 20.7 25:5 745 25.5 
100 0.150 2.74... 34.24 8.6 34.1 65.9 34.1 
1205 0:125 3.00 .. 156.96. 39.2 73.3 26.7 7S 
140 0.106 3.24. $3.14 20.8 94.1 5.9 94.1 
170 0.090 3.47. 19.4 4.8 98.9 tea 98.9 
200 0.075 3.74. "44 1.1 100.0 0.0 100.0 
Phi16= °° 225 Std dev = 0.44 
PhiS50 = =" .2.85 Skew = -0.25 
Phi84= ~> 3.13 Vf (cm/s)= 1.59 
d50(mm) 0.139 A (m‘41/3)= 0.08 
M phi = 2.74 Vf (ft/s) = 0.052 
dM (mm) (0.150 (Folk-Ward) A (ft41/3)= 0.122 
Sample 5 retained % retained % % 
sieve # d(mm)_ Phi (gms) __ partial total finer coarser 
60 0.250 2.00%. 4.45 1.0 1.0 99.0 1.0 
80 0.180 2.47 .=17.05 4.0 5.0 95.0 5.0 
100 0.150 2.74 25.92 6.1 14 88.9 11.1 
120 0.125 3.00. 131.91 30.9 42.0 58.0 42.0 
140 0.106 3.24 179.97 42.1 84.1 15.9 84.1 
170 0.090 3.47. - 52.9 12.4 96.5 3.5 96.5 
200 0.075 3.74 15 3.5 100.0 0.0 100.0 
427.2 
Phi 16 = 2.78 Std dev = 0.23 
PhiSO= 3.05 Skew = 0.14 
Phi84=- - 3.23 Vf (cm/s)= 1.37 
d50(mm) 0.121 A (m41/3)= 0.08 
M phi = 3.02 Vf (ft/s) = 0.045 
dM(mm): 0.123 (Folk-Ward) A (ft*1/3)= = 0.114 
Sample 6 retained % retained % % 
sieve # d(mm) Phi (gms) _ partial total finer coarser 
60 0.250 2.00 11,26 2.8 2.8 97.2 28 
80 0.180 2.47 25.02 6.2 9.0 91.0 9.0 
100 0.150 2.74. 26.76 6.6 15.6 84.4 15.6 
120 0.125 3.00 176.86 43.8 59.5 40.5 59.5 
140 0.106 3.24 125.86 S12 90.6 9.4 90.6 
170 0.090 3.47. 3493 8.7 99.3 0.7 99.3 
200 0.075 3.74 ee 0.7 100.0 0.0 100.0 
403.5 
Phi16= 2.74 Std dev = 0.22 
Phi50= ~~ -- 2.94 Skew = 0.07 
Phi84=, 3.19 Vf (cm/s)= 1.49 
d50(mm) 0.130 A (m41/3)= 0.08 
M phi = 2.96 Vf (ft/s) = 0.049 
dM (mm): 0.129 (Folk-Ward) A(ft1/3)= 0.119 
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Sample 7 retained 
sieve # d(mm)_ Phi (gms) 
60 0.250 2.00 9.12 
80 0.180 2.47» -34.61 
100 0.150 2.74) 26.86 
120 0.125 3.00. 147.66 
140 0.106 3.24 145.15 
170 0.090 3.47 «41.56 
200 0.075 3.74: 5.96 
— 410.9 
Phi16=— 2.70 
Phi50= —- 2.98 
Phi84= >. 3.21. 
d50 (mm = 0.127 
M phi = 2.96 
dM(mm) 0.128 (Folk-Ward) 
Sample 8 retained 
sieve # d(mm)_ Phi (gms) 
60 0.250 2.00° °° 11.68 
80 0.180 2.47 «38.94 
100 0.150 2.74: 27.66 
120 0.125 3.00 186.06 
140 0.106 3.24 © 113.47 
170 0.090 3.47 -20.44 
200 0.075 3.74. 11:99 
> 410.2 
Phi16= © 2.63 
PhiSO=- 2.92 
Phi84= ">. 3.17 
d50(mm_—=—0..132 
M phi = 2.91 
dM(mm) 0.134 (Folk-Ward) 
Sample 9 retained 
sieve # d(mm)_ Phi (gms) _ 
60 0.250 2.00: * 19.95 
80 0.180 2.47' 32,55 
100 0.150 2.74. - 3146. 
120 0.125 3.00 139.37 
140 0.106 3.24. 121.81 
170 0.090 3.47 40:34 
200 0.075 3.74 3296.2. 
m, 393.7 
Phi16= > | 2.56 
Phi50= » 2.95 
Phi84=.. 3.21 
d50 (mm 0.129 
M phi = 2.91 
dM(mm) 0.133 (Folk-Ward) 
Sample 10 retained 
sieve # d(mm)_ Phi (gms) 
60 0.250 2.00 > 20.89 
80 8 0.180 2.47 37.43 
100 0.150 2.74 <2'37,63 
120 0.125 3.00 . .168.39 
140 0.106 3.24: 106.39 
170 0.090 3.47 &<, 28.15 
200 0.075 3.74» 6,09 
ee a 405.0 
Phi16=5 2.53 
Phi 50 = - 2.90 
Phi 84 = 3.18 
d50(mm 0.134 
M phi = 2.87 
dM(mm) 0.137 (Folk-Ward) 


% retained 
partial 


Std dev = 
Skew = 

Vf (cm/s)= 
A (m‘1/3)= 
Vf (ft/s) = 
A (ft41/3) = 
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partial 


Std dev = 
Skew = 

Vf (cm/s)= 
A (m‘1/3)= 
Vf (ft/s) = 
A (ft*1/3) = 


% retained 
partial 

5.1 

8.3 

8.0 

35.4 

30.9 

10.2 

2.1 


Std dev = 
Skew = 

Vf (cm/s)= 
A (m‘1/3)= 
Vf (ft/s) = 
A (ft*173) = 


% retained 
partial 


Std dev = 
Skew = 

Vf (cm/s)= 
A (m41/3)= 
Vf (ft/s) = 
A (ft*1/3) = 
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total 

ae 

10.6 
17.2 
23.1 
88.4 
98.5 
100.0 


0.25 
-0.05 
1.45 
0.08 
0.048 
0.117 


total 

2.8 

12.3 
19.1 
64.4 
92.1 
97.1 
100.0 


0.27 
-0.06 
1.51 
0.08 
0.050 
0.119 


total 

5.1 

ise 
ZirS 
56.7 
87.7 
97.9 
100.0 


0.33 
-0.13 
1.48 
0.08 
0.048 
0.118 
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14.4 
23.7 
65.3 
91.5 
98.5 
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O23 
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1.53 
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% 
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97.8 
89.4 
82.8 
46.9 
11.6 
1.5 
0.0 


% 

finer 
94.9 
86.7 
78.7 
43.3 
12.3 


-0.0 


% 

finer 
94.8 
85.6 
76.3 
34.7 


% 
coarser 
2.2 
10.6 
17.2 
93.1 
88.4 
98.5 
100.0 


% 
coarser 


12.3 
19.1 
64.4 
92.1 
97.1 
100.0 


% 
coarser 
3.1 
13.3 
21.3 
56.7 
87.7 
97.9 
100.0 
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Equipment Needed 
Ee ben foot ladder 


2. To tighten all bolts 
3/4" wrench 
3/4" socket and rachet 


3. To ughten cables 
5/16" socket and rachet 


4. Hammer 
All Parts are located above room | 17 B in the hydrolab: 


Pole A 

Pole B 

Pole C 
Yoke 

Skids 1 & 2 
Leg lA 

Leg 2A 

Leg IB 

Leg 2B 

Red brace 
White brace 
GPS box 
Triple prism connector 


Sled Locker 1s located outside room |17B near the door. 
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Weights of Sled Pieces 


Poles: 


(1) W > 


Braces: 
Front Brace 
(red) 
Back Brace 
(white) 
Back Plates 


Legs: 
LA 
IB 
2A 
2B 


Bist: 


Others: 

GPS Box 

Yoke 

Tree 

Cable Connection: 
To Skids 
To Pole 

GPS Antenna 

Triple Prism 
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2.510. 
10.5 lo. 
29.0 Ib. 


24.0 Ib. 


24.0 Ib. 


3.5 Ib. 


43.0 Ib. 
43.5 |b. 
43.0 Ib. 
43.0 Ib. 


oon oallb: 
Bee onlib: 


28.0 Ib. 
yee |b: 
Des) IO: 


BES: 
3-0ub, 
ZN: 
4.0 lb. 





PaKCE. 


GPS A 
GPS BUX 


Pole to Cable Connector (P-C): 
P-C 1s bolted to Pole A & Cable connects 
to loops 


Tree: Cables are connected to tree located 
in the middle of pole B. Side Cables run 
through arms to stop cable from swaying 


Skid to cable connectors (S-C): 
S-C 1s bolted to skid & cable 1s connected 
to loop on top of S-C. 


Skid to leg connector (S-L): 
S-L 1s bolted to the skid & then the legs 
bolt to S-L 


Yoke: the legs connect to the yoke & pole 
C is bolted to the sleeve on top of the 
yoke 


GPS antenna connector (GPS A): 
GPS antenna 1s screwed onto the threaded 
shaft & connector 1s pinned to pole A 


GPS Box: the GPS battery & Data 
Processor are placed inside the box. The 
box is pinned onto pole A 


C-4 








—$— 


ee 


Pole A is 14 ft long with 1.25" outer diameter. The top has 5 pairs of holes tn it. 


a a 


> CE ae: 


Pole B is 12 ft long and has a outer diameter of 1.75" 


a eae 
wine C 


Pole C is 11 ft long and has a diameter of 2.25" 


_—————————————————— 


eae 


There are 4 legs labeled 1A, 2A, 1B, 2B 


\ 


ee 





SK ED 


There are two skids marked | & 2 
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Steps for assembly 


POLE B PULE A 


ee SSS 
ee 


he Insert Pole A into Pole B 


POLE C POLE A & B 


ee ee 


dp Insert Poles A&B into Pole C 


meee A Bk pote 
= 








3. Bolt P-C to Pole A with the 3" bolts (purple paint) at the 4" and 5" hole 
from the top of Pole A 


Cie BX 
PLEAS sce 
= ——— |r 
4. Bolt the GPS Box to the 2™ and 3“ holes from the top of Pole A with the 


stainless steel pins and cotter pins 
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POLE A, B& C a 
C= ase 
D. Attach GPS A to the first hole from the top of Pole A with stainless steel 


pin and cotter pins 


POPE Aes &- C 
= | = - 


6. Insert Poles A, B, and C into the yoke 


Skids: 
The skids are labeled 1 & 2. With skid #1 on the left and #2 on the right 


LA l LB 
Ga Ga en 
FRONT oo TE a 4 BACK 
Sie 


ie Attach S-C 1A, S-C 1, & S-C 1-B to skid 1 with the 6" bolts (Bronze paint). 
S-C 1A should be placed at the front of the skid, while S-C 1B should be 
placed at the center of skid 1. S-C 1 should be placed at the center of skid 
iF 


Seyi 





LEG 1A 


8. Attach S-C 2A, S-c 2, & S-C 2B to skid 2 with 6" bolts. S-C 2A should be 
placed at the front of the skid, while S-C 2B should be placed at the center 
of skid 2. S-C 2 should be placed at the center of skid 2. 


POLES A BR eae 


ea Ae 


While the Yoke & Poles A, B, & 
C are on the ground, attach leg [A 
& leg 1B to the yoke. The 
extensions of the yoke are labeled 
1A, 1B, 2A, & 2B. Make sure the 
legs are placed in the correct 
extension. Use the 3.5" bolts 
(white paint) to attach the legs. 
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10. Raise the yoke up & attach leg 2A 
& leg 2B with the 3.5" bolts (white 
paint) to the yoke. 


meG cB 


ll. After the legs are bolted to the 
yoke, the legs should be fastened 
to the skids with the 6" bolts 
(bronze paint) 
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Oe Attach the braces to the legs using 
the 4" bolts ( red paint). Each side 
of the brace 1s labeled to indicate 
which side goes to which leg. 
Each of the brace backs are also 
labeled. 





13. A ten foot ladder will be needed to 
raise and bolt Pole A with the 
purple bolts. 








| 


14. After Pole A is Bolted to Pole B, 
raise pole B up 6 ft and fasten the 
tree to pole B. Make sure that the 
tree arms are on the correct side. 
The arm labeled 2 should be on 
the same side as the #2 on pole A. 





i. Raise Pole B & Bolt it to pole C 
with the 3" bolts. 








Raise pole C up and bolt into 
place with the 3" bolts. The 
bottom of Pole C should be 6" 
below the yoke. 


Fasten the four turnbuckles with 
the same colors together. The 
cables may need to be adjusted to 
ensure the top 1s level. A 5/16" 
rachet and socket will be needed 
for this. 
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